[Abstract] Gene expression is dynamically regulated on many levels, including chromatin accessibility and transcription. In order to study these nuclear regulatory events, we describe our method to purify nuclei with Isolation of Nuclei in TAgged Cell Types (INTACT). As nuclear RNA is low in polyadenylated transcripts and conventional pulldown methods would not capture non-polyadenylated pre-mRNA, we also present our method to remove ribosomal RNA from the total nuclear RNA in preparation for nuclear RNA-Seq.
. Procedure Figure 2 provides the overview of the procedure, including optional check points. 4. Filter the resuspension through the 30 μm cell strainer into a 15 ml Falcon tube, and place the Falcon tube on ice while you process rest of your samples.
5. Centrifuge the filtered nuclei 1,000 x g for 15 min at 4 °C (2,229 rpm on the Eppendorf 5810 R centrifuge).
6. Prepare the streptavidin beads in 1.5 ml tubes (one per sample). Wash 25 μl of Invitrogen M-280 Streptavidin Dynabeads for each sample. To wash the beads, pipette well-mixed beads into a 1.5 ml tube, place on a magnet, remove supernatant, add and mix with 1 ml NPB, place on the magnet, remove supernatant, resuspend in NPB of the original volume (50 μl).
7. Move the Falcon tubes from the centrifuge onto ice.
Optional: Mark down the volume of supernatant (SN) and set aside 10% of the supernatant for a Western blot ('SN1000'-if you want to confirm you have not lost any nuclei/biotin signal in your supernatant).
a. Discard the supernatant (by careful pouring).
b. Resuspend the nuclei in 1 ml of cold NPB by pipetting up and down. In other words, releasing buffer from the pipette on top of the nuclear pellet until the pellet fully resuspends.
c. Set aside 11 μl of the resuspended nuclei for quantification and yield calculations (PCR strip works well). See Procedure B.
Optional: Set aside 10% of the resuspension 'P1000' (Pellet) for a Western blot (the total amount of biotin signal in the sample).
8. Transfer the resuspended nuclei (~1 ml) onto the washed beads (in 1.5 ml tubes). Rotate the tubes on a nutator (at ~20 rpm) at 4 °C for 30 min to bind nuclear envelope biotin onto streptavidin on the beads.
9. Dilute the 1 ml of bead-nuclei mixture with 14 ml NPBt in a 15 ml Falcon tube. Mix gently and place on the nutator (at ~20 rpm) at 4 °C for 30 sec. Place the tube on the magnet at 4 °C for 15-20 min.
Optional: Set aside 10% of the supernatant for a Western blot ('Unbound').
10. Carefully remove the supernatant with a Pasteur pipette and gently resuspend the beads in 14 ml NPBt. Mix gently and place on the nutator (at ~20 rpm) at 4 °C for 30 sec. Place the tube on the magnet for 10 min (at 4 °C).
Repeat
Step A10.
12. Gently remove the supernatant. Resuspend the beads in 1 ml of NPBt.
Set aside 11 μl of the nuclei for quantification and yield calculations (PCR strip works well). See Procedure B.
Optional: Set aside 10% of the resuspended beads for a Western blot ('Bound' to make sure most of your biotinylated signal is here).
13. Transfer 1 ml resuspension into a 1.5 ml tube and capture on the magnet.
14. Remove supernatant, resuspend beads in 20 μl NPB. B. Counting nuclei with a hemocytometer to quantify the yield 1. Mix 11 μl nuclei (either on beads from Step A14 or from the resuspended pellet on Step A7c) with 0.5 μl 10 μg/ml Propidium Iodide (PI) stain. Allow nuclei to stain for at least 5 min before imaging.
2. Pipette 10 μl of the sample onto a hemocytometer. One hemocytometer has two positions, A and B, for counting nuclei so you need one hemocytometer for counting two samples. The sample is pipetted onto a half-moon shaped area, which pushes the nuclei resuspension between the slide and the coverslip (Figure 3 ).
3. View the samples under fluorescent light and a filter suitable for PI, count the nuclei using the counting grid ( Figure 3 ). Use this to calculate the number of nuclei in total sample. b. Multiply the number of nuclei found inside this area by 10,000 to find out total yield (how many nuclei you have isolated). Bajic et al., 2018) in addition to RNA-Seq.
1. Calculate how many μl of nuclei you need out of the final 20 μl to get 50,000 nuclei for ATAC.
Pipette these onto a PCR strip on ice and start ATAC protocol without freezing (Bajic et al., 2018 ).
2. Use the rest of the nuclei for RNA immediately, or freeze at -80 °C for later RNA work.
Data analysis
The protocol described above needs to be combined with other downstream protocols (RNA-Seq, ATAC-Seq, ChIP-Seq, qRT-PCT) to generate data to be analyzed. www.bio-protocol.org/e2458 Procedure Figure 4 provides the overview of the protocol, including all the possible stop points and temperatures (theoretically you can stop at these points for up to multiple weeks). b. Design your probes to be 60 bp long, cover the entire length of rRNA (including the spacer regions as they will be present in nuclear rRNA), and to reverse complement the rRNA sequences. Any sequence analysis software able to convert sequences to reverse complement (SnapGene, Geneious, etc.) can be used.
c. Order your probes (DNA oligos) as a pre-made mix at 10 nmol in 1,000 μl of water. This is your 10 μM stock.
d. Dilute your stock 10x into a working mix where each probe is at 1 μM.
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www.bio-protocol.org/e2458 c. Pipette lysate/ethanol mixture into an RNeasy MinElute spin column resting in a 2 ml collection tube and centrifuge at 10,000 x g (9,700 rpm) for 1 min at RT. Discard flowthrough.
d. Add 350 μl of buffer RW1 to the column. Centrifuge at 10,000 x g (9,700 rpm) for 1 min at RT. Discard flowthrough and move the column to a new 2 ml collection tube.
e. Add 500 μl of buffer RPE to the column. Centrifuge at 10,000 x g (9,700 rpm) for 1 min at RT. Discard flowthrough.
f. Add 500 μl of 80% ethanol to the column. Centrifuge at 10,000 x g (9,700 rpm) for 1 min at RT. Discard flowthrough and move the column to a new 2 ml collection tube.
g. Open the column lid and centrifuge at top speed (16,000 x g) for 5 min at RT. Discard the flowthrough and place the column into a new 1.5 ml tube.
h. Add 20 μl RNase-free water onto the column membrane and allow to stand for 1 min.
Centrifuge at 16,000 x g for 1 min at RT.
i. Store RNA at -80 °C. f. Remove all the supernatant.
g. Repeat 70% wash as above once more (two washes total).
h. Remove as much of the EtOH as possible.
i. Air dry beads on the magnet for 10 min (until appear dry, see Figure 5 ). 
